Introduction: Lignans and flavonoids are widely distributed phenolics in the plant kingdom. Aryltetralin type lignans (podophyllotoxin derivatives) as the major secondary metabolites of Linum species play an important role in the production of chemotherapy drugs. In the present study, lignans and flavonoid glycosides from aerial parts of Linum mucronatum subsp. orientale were isolated and identified. Methods: The phytochemical investigation has been carried out on Hexane, DCM and MeOH extracts of the plant. Separation of chemical constituents was done using different chromatography (CC, prep-TLC, GC/MS and HPLC) methods. The major compounds of dichloromethane (DCM) and methanol extracts were isolated and their structures were elucidated using cochromatography in the presence of known lignans, HPLC and NMR techniques. Results: Our results showed that podophyllotoxin and 6-MeO-α-peltatin, as new compound, are the major lignans of the DCM extract of L. mucronatum subsp. orientale. Two new flavonoid glycosides were also elucidated in the methanolic extract.
Introduction
Lignans are considered as a class of secondary plant metabolites, which are produced by oxidative dimerization of two phenylpropanoid units. 1 In recent years, lignans have attracted a growing attention because of their numerous pharmacological activities, mainly as strong antineoplastic and antiviral agents. 2, 3 During the last few decades, lignans especially podophyllotoxin derivatives have been the objective of various studies engaged in production of new anticancer drugs. Moreover, semisynthetic derivatives of podophyllotoxin-etoposide, teniposide and etophos -are currently used in chemotherapy of various types of cancer. Podophyllum species are the main source of podophyllotoxin, for which there is a high demand in international market. However, it should be considered that these species are endangered and their frequency in nature has declined considerably due to unscheduled and unorganized collecting. [4] [5] [6] Therefore, we should seek other alternative sources for podophyllotoxin production. Linum (Linaceae) comprises of 230 species which are widely distributed throughout the world. The genus is divided into the sections Syllinum, Cathartolinum, Dasylinum, Linum and Linastrum based on their morphological characteristics. 7 The sections of Syllinum and Cathartolinum produce a wide spectrum of aryltetralin lactone type lignans among which 6-methoxy podophyllotoxin, its glycosides and ester derivatives are most abundant. 8, 9 Furthermore, it has been reported that 
Extraction and isolation
The air-dried and grounded samples of L. mucronatum (100 g) were Soxhlet-extracted with n-hexane-DCM and methanol (1:1 L), respectively. The extracts were concentrated using a rotary evaporator under vacuum and a maximum temperature of 40 °C . The DCM extract (0.9 g) was loaded on a column of silica gel (5×90 cm) and elution was done by gradient mixtures of chloroform in n-hexane (0→100). The eluted fractions (136 fraction; 10 ml each) were monitored by TLC on silica gel under the UV light (254 nm) before and after applying 70% H 2 SO 4 in ethanol as spraying reagent. 15 Lignans produced purple spots with H 2 SO 4 reagent following heating in 120 °C for 5 min. The similar fractions were combined together and finally 11 sub-fractions were yielded. Lignan-containing sub-fractions were further purified using preparative TLC by double running in methanol-chloroform (10:90 v/v) and toluene-acetone (65:35 v/v), respectively. The isolated materials were extracted from silica gel and purified by crystallization/ re-crystallization procedure. This procedure afforded two off-white lignans: I (1.8 mg) and II (2.3 mg). The structure of compounds I and II were elucidated using NMR spectroscopy and co-chromatography with known lignans on silica gel plate. Isolation and identification of compound III from mother liquor of crystallization was done using GC/MS technique. On the other hand, the volatile compounds of less polar sub fractions were analyzed by GC/MS technique. A portion of the MeOH extract (2 g) was subjected to Sep-Pak fractionation using a step gradient of MeOHwater mixtures ( 
Results

Structural characterization
The DCM extract of L. mucronatum aerial parts was fractioned as described previously. The lignancontaining fraction was separated by a combination of CC and preparative TLC and a novel aryltetralin lignan (compound I) together with podophyllotoxin (compound II) were yielded. Some known alkanes were also isolated from the mother liquors of the crystallization along with the compound III ( Table 1) . Compound I (6-MeO-α-peltatin), an off-white powder together with a minor impurity of 3-dodecylcyclohexanone III, was separated and purified by repeated crystallization (Fig. 1) . Its structure was determined by 1 H, 13 C-NMR spectroscopy. The 1 H-NMR of compound I was very similar to spectroscopic data of β-peltatin with minor differences, especially in chemical shifts of H-3 and H-7 signals (Table 2) . 16 Obviously, the observed differences could be due to methoxy group which attached to C-6 position. The 13 C-NMR data of compound I is shown in Table 3 . Podophyllotoxin was identified by direct comparison with authentic sample on TLC, according to Wagner et al, 1996 . 15 The aryltetralin lignans were isolated from various Linum species such as L. alba, L. flavum and L. capitatum. 16 However, phytochemical studies are continuing on this section. This is the first report on occurrence of 6-MeO-α-peltatin, in the aerial parts of Linum species. After fractionation of methanol extract on a SPE (C18) column, preliminary analyses of the yielded fractions with HPLC and on-line UV spectra (diode array detection: range of 220-500 nm.) revealed the presence of several flavones derivatives. The prep-HPLC of fractions afforded 2 major compounds IV and V, which were fully characterized by spectroscopic techniques (Fig. 2) . The UV spectrum of IV( λmax: 270 and 336 nm) was resemble to that of apigenin and was identified as 6-
H and 13 C-NMR spectra (Table 4) with previously reported literature data. 17 The UV spectra of V and IV were very similar to each other, but their NMR data was different. The 1 H-NMR spectrum of V had two doublets at δ6.50, 1.8 Hz (H6) and δ6.88, 1.8Hz (H8) typical of a 5,7 disubstituted flavonoid moiety. The 13 C-NMR spectrum (Table 4 ) was in agreement with the structure of the 7-methyl apigenin, and the connection of glycosyl moiety to position C4' and the interglycosidic (l→6) linkage was confirmed, as well. On the other hand, presence of the anomeric proton and Table 4 .
1 H and 13 C-NMR data of the flavonoid glycosides IV and V in DMSO-d 6 . Coupling constant (J ) in Hz in parentheses and Chemical shift (δ) in ppm. 
IV V
. According to the published data, the 5, 4'-dihydroxy-7-methoxyflavone (genkwanin) derivatives were previously found in some genera of the families Aspleniaceae, Asteraceae, Cistaceae, Eupomataceae, Lamiaceae, Myrtaceae, Pteridaceae, Saxifragaceae and Betulaceae. 18, 19 However, there have been so far no reports on the occurrence of compound V in any Linum species.
Discussion
In the present study 6-MeO-α-peltatin, as a new compound, along with a known lignan podophyllotoxin were isolated from Linum mucronatum subsp. orientale (Fig. 1) . In fact, the isolation of 6-MeO-α-peltatin has never been reported till now. The isolation of the podophyllotoxin and a number of other aryltetralin lignans from this species is in fair agreement with previous results reporting 5-methoxypodophyllotoxin, podophyllotoxin, α-peltatin, and β-peltatin in Linum species, especially those produced by section Syllinum including L. flavum and L. album. 16 Many lignans and neolignans have served as lead compounds for the development of new anticancer and antivirus drugs. Perhaps the best known example is podophyllotoxin, an antimitotic compound that binds to tubulin. Traditionally, podophyllotoxin serves as a starting material for semi-synthesis of etoposide, teniposide and other podophyllotoxin derivatives/ analogs, under development as potential anticancer drugs. Its antitumoural activity is due to inhibition of topoisomerase II. 6 At present, the commercial source for podophyllotoxin is Podophyllum species which are growing in North America, India, Pakistan and some parts of Afghanistan and Tibet. 1 Investigations have revealed that the genus Linum could be a new and reliable source for podophyllotoxin. 2, [6] [7] [8] [9] 14 Aryltetralins are widely distributed in the genus Linum and could be used as chemotaxonomic markers. Moreover, the podophyllotoxin and its two known analog lignans, α-peltatin and β-peltatin, were reported previously from different species of Linum. Podophyllotoxin analogs were reported to induce cancer cell death with signs of apoptosis. For example, GL-331, a C7-modified 4'-demethyl epipodophyllotoxin, could increase cellular protein tyrosine phosphatase (PTP) activity significantly and in addition, GL-331-induced inter nucleosomal cleavage was efficiently prevented by two PTP inhibitors. Other pathways, such as p53-dependent pathway and Bax-dependent pathway might also be involved in the apoptosis induced by podophyllotoxin analogs. Furthermore, phytochemical investigation of the aerial parts of L. mucronatum afforded two new flavon glycosides and some known hydrocarbons together with lignans. Although a large number of flavonoids including anthocyanosides and apigenin-C-glycosides from flax species have been reported, [20] [21] [22] [23] [24] it seems that this is the first report on the presence of compounds IV and V in the genus Linum.
Conclusion
The present study deduces that L. mucronatum is a good source of lignans, especially podophyllotoxin and a novel aryltetralin lignan, 6-MeO-α-Peltatin. An efficient column and preparative TLC chromatography method with a twophase solvent system was developed for the isolation of these compounds. The structure of 6-MeO-α-Peltatin was determined by NMR analysis. Furthermore, two apigenin glycosides were reported as new compounds from L. mucronatum. Obviously, more studies should be carried out to elucidate the relationship between the structural features of the identified compounds and their bioactivity.
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